A unified form of mass matrix is proposed for neutrinos, charged leptons, up quarks and down quarks. Some constraints for the parameters involved are tentatively postulated. 
Introduction
For the last few years we studied the "texture" of fermion mass matrices, starting from charged leptons e − , µ − , τ − (the first and second Ref. [1] ), then considering up and down quarks u , c , t and d , s , b (the third Ref. [1] ), and finally extending the argument to neutrinos (the fourth Ref. [1] ). In consequence, we came to a proposal of common structure of four mass matrices M (ν) , M (e) , M (u) and M (d) in the three-dimensional family space of neutrinos (ν), charged leptons (e), up quarks (u) and down quarks (d),
respectively.
Explicitly, we proposed that
where f = ν , e , u , d, while µ (f ) , ε (f ) 2 , α (f ) , β (f ) , C (f ) and ϕ (f ) denoted real constants to be determined from the experimental data for fermion masses and mixing parameters.
The proposed form (1) followed from: (i) an idea about the origin of three fermion families, and (ii) an ansatz for the fermion mass matrix expressed in terms of the suggested family characteristics. Note that the mass matrices M (e) , M (u) , M (d) as given in Eq. (1) do not take the popular Georgi-Jarlskog form [2] for any choice of their parameters, if µ (f ) > 0.
In the present paper, we do not go systematically into any motivation for the proposal (1), considering it simply as a detailed conjecture. The interested Reader may look for roots of the formula (1) in Refs. [1] (note that in Refs. [3] there was discussed a mass formula a bit different, especially in the quark case).
Instead, we proceed in the present paper a step further with our conjecture (1), postulating tentatively the following constraints for the parameters α (f ) , β (f ) and C (f ) appearing there:
Here, Q (ν) = 0, Q (e) = −1, Q (u) = 2/3, Q 
(we choose α (e) > 0 and α (d) > 0). We also assume that µ (ν) ≃ 0 and ε (ν) 2 ≃ 0.
Then, four mass matrices (1) contain practically 14 independent parameters, say,
and
7 for leptons and 7 for quarks (in addition, they contain ϕ (ν) + ϕ (e) and ϕ (u) + ϕ (d) that, however, will not appear in experimentally measured quantities). These 14 free parameters will describe 12 fermion masses and their 8 mixing parameters, together 20 quantities, of which 14 may be used as inputs determining consistently all parameters (except for ϕ (ν) + ϕ (e) and ϕ (u) + ϕ (d) that will remain undetermined, but may be put zero as being physically irrelevant). So, we will be able to get 20 − 14 = 6 predictions, 3 for leptons and 3 for quarks, and also an overall consistent determination of all parameters (except 2 for the unphysical two). The agreement with available experimental data will turn out to be satisfactory.
In the framework of mass matrices (1), the observed differences between spectral properties of four types of fermions f = ν , e , u , d will follow (in a large extent) from the interplay of magnitudes of the parameters µ (f ) contained in the diagonal elements of M (f ) and the parameters α (f ) and β (f ) appearing in its off-diagonal elements. Their
, will play the role of coupling constants in our "texture dynamics" (cf. Appendix A).
Charged leptons
In the case of charged leptons, we will assume that the off-diagonal elements of the 
These mass formulae give
when the experimental values of m e and m µ [4] 
what shows that
µ (e) 2 = 0.020
when the experimental value m τ = 1777.00
+0.30
−0.27 MeV [4] is used as another input. Thus, as yet, the values of α (f ) and β (f ) are consistent with zero. We can see that the massmatrix formula (1) predicts excellently the mass m τ , even in the zero-order perturbative calculation [1] .
The unitary matrix U (e) , diagonalizing the mass matrix M (e) according to the equality
, gets in the lowest (linear) perturbative order the form
where the small ε (e) 2 is neglected. Here, due to Eq. (2), β (e) can be also neglected versus α (e) .
Neutrinos
In the case of neutrinos, the mass matrix
(i, j = 0, 1, 2) as given in Eq.
(1), with α (ν) = 0 due to Eq. (2), leads exactly to the following eigenvalues interpreted as neutrino masses:
where in m ν 1 and m ν 2 the very small ε (ν) 2 is neglected in the second step. Here,
The corresponding unitary matrix U (ν) diagonalizing the mass matrix M (ν) according to the equality
, takes exactly the form
where
The experimentally observed neutrino weak-interaction states ν e , ν µ , ν τ are related to their mass states ν
(corresponding to the masses m ν 0 , m ν 1 , m ν 2 ) through the unitary transformation
is the lepton Cabibbo-Kobayashi-Maskawa matrix. Making use of Eqs. (9) and (7),
kj . The result, valid in the lowest (linear) perturbative order in α (e) /µ (e) and β (e) /µ (e) , reads
where β (e) can be neglected versus α (e) (for the numerical form of V ij cf. Appendix B).
We can see from Eqs (11) and (13) that
Thus, if X is of the order O(1), in Eqs. (14) there appears strong mixing between ν µ and ν τ beside weak mixing of ν µ and ν τ with ν e . Note from Eq. (10) that X → 1 in the limit
Once we know the elements (13) of the lepton Cabibbo-Kobayashi-Maskawa matrix V , we can calculate the probabilities of neutrino oscillations ν i → ν j (in the vacuum) from the familiar formulae
where 
After some calculations, we obtain in the lowest (linear and quadratic) perturbative order in α (e) /µ (e) and β (e) /µ (e) the following formulae:
In the third Eq. (16) there appears (in the cubic perturbative order) the CP-violating
, invariant under any lepton rephasing (cf. Appendix B). Its form presented on the rhs holds in the lepton phasing as in Eq. (13), and can be expressed through
means of Eqs. (B.5) and (B.6). Then, it turns out to be vanishing if ϕ (ν) −ϕ (e) = 0, leading in such a case to a real, CP-preserving matrix V in the convenient lepton phasing (B.8).
Note that in the lowest (quadratic) perturbative order the mass difference m
is not present in the second Eq. (16).
The atmospheric neutrino experiments seem to indicate that the ν µ → ν τ oscillation amplitude is of the order O(1) [5, 6, 7] . So, let us take as an input for the leading oscillation amplitude in the third Eq. (16) the reasonable value
where the second figure(or one a bit larger) is more reliable. This gives X ∼ √ 2−1 = 0.414 or ( √ 5 − 1)/2 = 0.618, and then from Eq. (10) 20.3 µ
Thus, β (ν) /µ (ν) ∼ 20.3 or 40.6 and µ (ν) /β (ν) ∼ 0.0493 or 0.0246.
As another input let us accept the recent Super-Kamiokande bound [6, 7] |m
with the preferable value 0.
Making use of Eqs. (8) we get
where Eq. (18) is used. From Eqs. (19) and (20) we infer that
and then from Eq. (18)
With the values (18) and (21), the neutrino mass formulae (8) predict 
where m
Such an estimate may be used to evaluate the ν e → ν µ and ν e → ν τ oscillation probabilities (in the vacuum) from the first and second Eq. (16), where the oscillation amplitudes are
According to recent estimations [8] , the familiar two-flavor neutrino-oscillation formula (in the vacuum), According to the recent estimations [8] , the two-flavor neutrino oscillations, strengthened by the resonant MSW mechanism in the Sun matter [9] , may solve the problem of solar neutrinos, if
(the alternative large-mixing-angle solution). We can see that our neutrino mass-squared difference (23) is formally not inconsistent with both MSW solutions, favouring the second.
In the present paper there is left open the actual question about interpretation of LSND events from Los Alamos [10] . They suggest the existence of ν µ → ν e oscillations with ∆m 2 of one to two orders of magnitude larger than the Super-Kamiokande ∆m 2 for atmospheric-neutrino events. Evidently, the LSND events are relevant for the problem of existence of only three conservative neutrinos. In fact, they seem to suggest the existence of one extra (sterile) neutrino (cf. e.g. Ref. [11] ; for a possible origin of the hypothetic sterile neutrino cf. the end of Appendix A).
Up and down quarks
In the case of up and down quarks we will assume, similarly as for charged leptons, that the off-diagonal elements of the mass matrices
described in Eq. (1) can be considered as small perturbations of the diagonal elements (this assumption will be verified a posteriori, when we estimate the coupling constants
) . Then, in the lowest (quadratic) perturbative order we get
These mass formulae imply the relations analogical to Eqs. (4) for charged leptons,
The mass m s may be predicted from the first Eq. (27) 
while, due to the estimation (41) of (α
2 discussed later on, the first Eq.(26) leads jointly with its perturbation to 
In an analogical way,
and 
for m t = 175 GeV as another input. If the constant C (u) were known from some conjecture, the value of one of the masses, m c or m t , could be a prediction.
The unitary matrices
, take in the lowest (linear or quadratic)
perturbative order the form
where (f ) = (u, d), while
Here, in the mass denominators, we keep only leading terms.
The down-quark weak-interaction states d 
Here,
is the familiar (quark) Cabibbo-Kobayashi-Maskawa matrix [to be distinguished from its lepton counterpart (12)]. Using both Eqs. (34), we can calculate
kj . In the lowest (linear or quadratic) perturbative order in α
The approximate equalities in Eqs. (38) are due to m t ≫ m b and m b > m c , and also to
Taking the experimental value |V cb | = 0.041 ± 0.003 as an input, we calculate from the second Eq. (38)
for the m b = 4.5 GeV already used in Eq. (28). Hence, invoking Eq. (2), we evaluate
We can see from Eqs. (30), (32) and (40) that
In spite of these nonperturbative values, the small relative numerical coefficients in the 
and then
14 Hence, taking the experimental value |V us | = 0.2205±0.0018 as another input, we evaluate
when the central values are used. Then, from Eq. (43) we calculate tan(arg V us − ϕ (d) ) ≃ −0.399 and arg V us ≃ −21.8
From other Eqs. (38) we can see that
Further, making use of Eqs. (46) and (47) with (45), we predict two mutually dependent CP-violating phases:
These, being invariant under any quark rephasing, reduce to
in the special quark phasing, where 
and from the perturbative unitarity of V 
Here, |V us |, |V cb |, |V ub | and argV ub can be considered as independent. As inputs we used the experimental values of |V us | and |V cb | as well as m u , m d , m c , m b and m t . We predicted |V ub | and argV ub as well as m s . From these 7 inputs we were also able to determine consistently 7 of all 7 + 1 independent parameters involved in the mass matrices M
It is interesting to compare our perturbative form (38) of V with its convenient Wolfenstein parametrization (cf. e.g. Ref. [12] ),
being the base for the discussion of popular unitary triangle in the complex ρ + i η plane:
This parametrization can be considered as an expansion in λ of the standard parametrization [4] , where
and c ij = 1 − s 2 ij (s ij > 0 and c ij > 0). Note that
When considering Eqs. (53) and (52), we get
In the unitary triangle (54), arg V * ub = δ ≡ γ and arg
e., on the rhs of Eq. (54)]. According to Ref. [10] , the present uncertainties of γ and β are 41
Our predictions (56) are consistent with these limits (however, in the future, our γ and β may lie at the new lower and upper experimental limit, respectively).
Summary
We proposed here the unified form (1) of mass matrix for all fundamental fermions:
neutrinos, charged leptons, up quarks and down quarks. In this framework, their spectral differences are related only to the differences in values of the parameters involved, subject to the tentative constraints (2) .
With some inputs, we obtained a number of predictions neatly consistent with available experimental data.
In the case of charged leptons e − , µ − , τ − , from the inputs of m e and m µ , we predicted m τ = 1776.80 MeV +∆m τ with ∆m τ denoting a perturbative correction, quadratic in coupling constants, which measured the relative strength of the off-diagonal part of mass matrix versus its diagonal part. If the experimental value of m τ was also taken as an input, then 3 of all 4 independent parameters in the charged-lepton mass matrix were consistently determined (only the phase ϕ (e) remained undetermined). This enabled us to evaluate (up to our ignorance of the phase ϕ (e) ) the charged-lepton contribution to the lepton Cabibbo-Kobayashi-Maskawa matrix.
In the case of neutrinos ν e , ν µ , ν τ , from the atmospheric-neutrino inputs of In both lepton cases, the number of inputs was 5, and it was sufficient to determine consistently 5 of all 7 + 1 independent parameters appearing in the charged-lepton and neutrino mass matrices (the very small ε (ν) 2 ≃ 0, the phase ϕ (ν) − ϕ (e) and the unphysical phase ϕ (ν) + ϕ (e) remained undetermined). • . Hence, we were able to evaluate all elements of the Cabibbo-Kobayashi-Maskawa matrix.
In both quark cases the number of inputs was 7, and it was sufficient to determine consistently 7 of all 7 + 1 independent parameters, involved in the up-quark and down-quark mass matrices (only the unphysical phase ϕ (u) + ϕ (d) remained undetermined).
I am much indebted to Dr. Danuta Kie lczewska for her advice about recent SuperKamiokande data.
Appendix A: Unified "texture dynamics"
Let us introduce the following 3 × 3 matrices in the space of three fermion families:
With the matrix
they satisfy the commutation relations
characteristic for annihilation and creation matrices, while n plays the role of an occupation-number matrix. However, in addition, they obey the "truncation" identities In consequence of Eqs. (A.1), (A.2) and (A.3), we get n|n = n|n as well as a|n = √ n|n − 1 and a † |n = √ n + 1|n + 1 (n = 0, 1, 2), however, a † |2 = 0 (i.e., |3 = 0) in addition to a † |0 = 0 (i.e., | − 1 = 0). Evidently, n = 0, 1, 2 may play the role of a vector index in our three-dimensional matrix calculus.
It is natural to expect that the Gell-Mann matrices (generating the horizontal SU (3) algebra) can be built up from a and a † . In fact,
A message we get from these relationships is that a horizontal field formalism, always simple (linear) in terms of λ A (A = 1, 2, . . . , 8) and 1, is generally not simple in terms of a and a † . In particular, a nontrivial SU(3)-symmetric horizontal formalism is not simple in a and a † . Inversely, a nontrivial horizontal field formalism, if simple (linear and/or quadratic and/or cubic) in terms of a and a † , cannot be SU(3)-symmetric. Now, let us consider the following ansatz [1] :
with n = a † a and
It is the matter of an easy calculation to show that the matrices (A.6) get explicitly the form (1).
In a more detailed construction following from our idea about the origin of three 
and appearing with the multiplicities 1, 4, 24, respectively (the chiral representation is used here). In this argument, the requirement of relativistic covariance of the wave function (and the related probability current) is applied explicitly [1] . The weighting matrix ρ 1/2 as given in Eq. (A.7) gets as its elements the square roots of these multiplicities, normalized in such a way that tr ρ = 1.
Note that all four matrices M (f ) (f = ν , e , u , d) defined by Eqs. (A.6) -(A.9) and (A.1) have a common structure, differing from each other only by the values of their and β (f ) . The off-diagonal part of h (f ) describes the mixing of three eigenvalues
of its diagonal part. Beside the term µ (f ) C (f ) that appears only for N = 5, each of these eigenvalues is the sum of two terms containing N 2 . They are: (i) a term µ (f ) N 2 that may be interpreted as an "interaction" of N elements ("intrinsic partons") treated on the same footing, and (ii) another term
that may describe an additional "interaction" with itself of one element arbitrarily chosen among N elements of which the remaining N − 1 are undistinguishable. Therefore, the total "interaction" with itself of this (arbitrarily
in the first fermion family.
It seems natural to conjecture that each "intrinsic parton" carries a Dirac bispinor index. In fact, such a possibility, as already described in the context of the weighting matrix (A.7), follows from our idea about the origin of three fermion families [1] . Then, for the Evidently, the intriguing question arises, how to interpret two possible boson families corresponding to the number N − 1 = 1, 3 of undistinguishable "partons" [13] . In the present paper this problem is not discussed. Here, we would like only to point out that 
for the fermion f = ν , e , u , d from any family N = 1, 3, 5. Hopefully, the values µ We can see that the lepton matrix V has physically a different structure than the quark matrix V evaluated in Eq. (52): the former gives strong mixing of leptons ν µ and ν τ from the second and third family, while for the latter rather the quarks d and s from the first and second family are strongly mixed. This difference, however. follows from only quantitative difference in lepton and quark couplings [cf. Eqs. (2) ] in the unified fermion mass matrix (1) .
